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Abstract 
The tube tension-reduced process was divided into the rolling deformation of the stand and the remeshing generation 
between the stands taking the tension between the adjacent stands as the boundary conditions by means of the unite 
modeling method . Thefinite element model has been established to simulate the metal deformation of the tube 
tension-reduced stand on the platform of FEM software Marc. The shape of the product section simulated was similar 
to that of the actual rolled product, and the variation of wall thickness was the same. The reliability of the model was 
verified by comparing the actual measured data with the simulated results, and the reason of bore polygon for the 
product was analyzed. The model provides an effective research method for improving product quality and 
instructing technological design. 
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1. Introduction 
The tube tension-reduced unit contains a relatively large number of stands, which is generally 
configured using the ellipse-round or free passes [1]. It is very difficult to carry out the physical 
simulation in the experimental mill or in the production of mill directly because of the multiple non-linear 
metal deformations in the tube tension-reduced process. At present, the finite element in widely applied in 
the process of metal forming numerical simulation [2]. The finite element method (FEM) can be used to 
analyze the quantitative of each variable in the tension-reduced process [3]. However, if the finite element 
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model contains all of the stands, workpiece and tool will generate huge number of computational mesh 
when three-dimensional discrete, moreover, FEM uses incremental to describe the state of material and 
contact area, affecting by the capacity of computer itself, the analysis time is too long, sometimes affect 
the calculation accuracy due to a serious distortion of the mesh. Presently, many FEM researches on the 
products shape in the tension-reduced process are carried out based on a single or a few stands at home 
and abroad [4~7]. 
Aimed to the problem of tube shape for the tension-reduced unit of seamless tube, in this paper, the 
modeling method of FEM for predicting tube section shape quickly was presented. To shorten the 
computing time, taking into account the issue of inter-related parameters succession between the stands, 
the tension-reduced process was divided into the rolling deformation on the stand and remeshing 
generation between the stands. The finite element analysis model was established on the platform of FEM 
software Marc. The simulated tube shape was analyzed according to the product rolling technical of 
certain company. The reliability of the model was verified by comparing the actual measured data with 
the simulated results.  
2. Establishment of finite element model  
During the tension-reduced process, the distribXWLRQRIWKHWHQVLRQEHWZHHQWKHVWDQGVDIIHFWVWKHWXEH¶V
force state, and then affects the thickness changes of the tube wall thickness. The establishment of tension 
needs to go through a process, which usually has to go through a number of stands to achieve the 
maximum. All the stands for the establishment of tension are collectively called establishment tension 
unite (ETU), whose stand number is determined based on the maximum tension coefficient. Following is 
the working unites (WU), which is scheduled to work under the greatest tension coefficient and to 
complete the most sizing reduction of the tube. It contains the largest number of the stand. Finally, there is 
finishing rolling unit (FRU), which is mainly used to ensure the accuracy of finished tube size and shape. 
The sizing reduction for every stand in this unit is very small, which is usually zero for the last one. 
2.1.  thinking for unite modeling 
According to the tension distribution, the ETU, WU and FRU were set up model independently. 
Taking into account the issue of inter-related parameters succession between stands, various parts were 
connected through tension. Assumed that the tension in the cross-section between stands distributed 
uniformly, the ETU and FRU included relatively small number of stands, at the same time, the tension-
rising and tension-falling belonged to the instability rolling stage, which tension was not easy to be 
determined accurately. In order to reduce the error accumulation, these two units to were taken into the 
overall model. The tension distribution of WU was relatively stable belonging to the stable rolling stage, 
the tension coefficient between the stands was constant. Each working stand was set up model separately 
to shorten the computing time. The thinking for the group finite element model is shown in Fig.1.  
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Fig.1 The thinking for division Finite element model 
In the figure, represented tensions of tube after passing the i stand, and represented pre-tension. The 
tube tension-reduced process was divided into the rolling deformation on the stand and the mesh 
regeneration between stands, the size and shape at the position of the exit in the rolling deformation area 
of tube became the initial parameters for mesh regeneration, the state of the tube after the mesh 
regeneration has become the initial parameters for the rolling deformation of the next stand. Goes on like 
that, the simulation process of multi-stand tension-reduced rolling was completed. The rapid prediction of 
product shape was realized. 
2.2.  stand finite element model 
Each tension-reduced stand was square for 3-roller. There were three rollers into a 120° angle 
configuration mutually, the pass surface for each roller was the rotating surface opposite to the roller axis, 
which was symmetrical along the bottom of the pass, odd-numbered and even-numbered stands were 
ordered into 60° with each other. As the roller diameter of each stand was relatively small, however, the 
axis diameter was relatively larger, the assemblage between roller and the axis was usually used the 
special properties adhesive glue [8]. 
According to the geometric characteristics of the roller pass, when finite element model of each stand 
was established, half a roller surface was taken for the subject to establish roller surface model, the 
corresponding computational model of tube was down to one-sixth of the entire cross-section to establish 
shown in Fig.2. Because the rolling force for each stand during the process of tension-reduced was very 
small and the stiffness of the stand was large, the roller was regarded as not deformed rigid body. 
 
 
Fig.2 Model for single stand 
 
The eight-node isoparametric elements were created to descript the tube finite element mesh, mesh was 
divided into two along the direction of tube radius, circular direction (transverse) was divided into 12. The 
total mesh length of the ETU and FRU needed to be full of all the stands in the rolling direction 
(longitudinal), the various stands of the WU were divided into 50 longitudinal meshes. The shear friction 
model was used between roller and tube, for the steel roller, the friction coefficient was set 0.4. 
When established the finite element model, between the units, as well as between the stand, the results 
of the previous steps needed to be extracted, which were used for the tube mesh computing regeneration 
of the next step. When the new meshes generated, the new mesh boundary had to be close the deformable 
body as well as possible in order to ensure the continuity of finite element simulation. Thus the element 
edge of the deformed body boundary constituted by old mesh was used as a characteristic line, all the 
characteristic nodes reflecting the boundary outline were recorded, the contact information of the nodes in 
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the boundary was extracted, the characteristic points of the old mesh boundary were formed a new 
boundary line in a certain sequence, and then the information of nodes in the new mesh boundary was 
achieved, so the node variable of the old meshes was conversed to the new mesh nodes. 
3. Experiment and analysis 
As a result of the structural design compact of the tension-reduced stand, there was almost no gap 
between the stands, so it was difficult to measure the deformation of the tube wall thickness in the whole 
tension-reduced process. Because the temperature was relatively high after the tension-reduced process, it 
was inconvenience to measure the size directly. Therefore the finished tube geometry was measured only 
after cooling, and achieved the finished tube shape and size. The deformation of tube in the tension-
reduced process was symmetrical in the adjacent pass bottom and roller gap between them 
3.1. simulation results 
In order to verify the calculation accuracy of the finite element model established, a typical bore-
hexagon product was selected from a factory for simulation. The simulation rolling parameters was taken 
from the on-site rolling conditions, the specifications for the product wereĳ 70 × 10 mm, the tension-
reduced unite contained 18 stands, which technique parameters are listed in Table 1. The procedure 
simulation time of the product in the Pentium4-CPU2.0GHz computer was about 18 hours. However, 
using all stands system model, the simulation time was about 500 hours, and the mesh distorted serious. 
The finite element simulation of finished tube shape and the actual tube shape are shown in Fig.3. In 
which, 0° and 60°corresponded to the bottom and gap position of roller, respectively. 
Table 1 Technique parameter 
Tube material Hollow billet outer diameter Heat temperature Hollow billet wall thickness 
20 ĳ 152.5mm 950ć 10.25mm 
Stand distance Inlet speed Roller diameter Outlet speed 
310mm 1.44m/s 330mm 3.46m/s 
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Fig.3 comparison of tube shape 
From Fig.3(a) we could know that, simulated transverse wall thickness and outer diameter had the 
same distribution law as the measured results, the largest and the minimum wall thickness of simulation 
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were 10.55 mm and 9.52 mm respectively, the largest and the minimum wall thickness of measurement 
were 10.48 mm and 9.41 mm respectively, the simulated and measured wall thickness are all beyond the 
tolerance range at ±8%. The largest and the smallest outer diameters of simulation were 69.94mm and 
69.26mm respectively, the largest and the smallest outer diameter of measurement were 69.97mm and 
69.39mm, the outer diameter difference for the measuring location was small. Fig. 3 (b) shows the cross 
section image of the product and Fig. 3 (c) shows the cross-section image of simulation, both cross 
section shapes were similar, and occurred serious bore-hexagon. It can be seen, the computing accuracy 
of the finite element model established was higher, which can meet the requirements of engineering 
calculation. 
3.2. Bore-hexagon analysis 
Figure 4 shows the exit cross-section shapes of tube at the time passing through every stand of tension-
reduced unit. From the figure we can see that, in this rolling process, tube shape became bore-hexagon 
shape step by step from the initial round, resulting in waste product. In order to analyze the formation 
process of the bore-hexagon, Fig.5 gives the transverse wall thickness value-added distribution of tube 
passing each stand. From the wall thickness added value distribution we can know that, the wall thickness 
changed dramatically for the third stand, at the sidewall position there was phenomenon of minor wall 
thickness thickening. After the deformation of the fourth stand, the wall thickness thickening phenomenon 
at the sidewall had not been improved, but the wall thickness continued to thicken, the bore-hexagon 
began to form. The deformation from the fifth to the seventh stands continued to exacerbate this 
phenomenon, the extent of bore-hexagon defects became more and more. Although the number of stands 
for the tension falling was relatively large, the horizontal flow non-uniformity of metal gradually reduced, 
but the bore-hexagon trend had not been improved, while had been maintained until the final. From this 
we can know that, the metal flow caused by the roller pass structure from the third to the seventh stands 
was the major factor for the bore-hexagon defect formation of this product. 
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Fig.4 The exports tubular shape for every stand 
4. Conclusions 
(1)Aimed to the problem of tube shape for tube multi-stand tension-reduced unit, a finite element rapid 
simulation model was established to reduce the simulation time. A typical product was simulated and 
compared with the actual products rolled. The changes law of the transverse wall thickness and outer 
diameter was in agreement and two cross-sectional shapes was close, which demonstrated that the finite 
element model established was reliable and could effectively forecast tube shape of multi-stand tension-
reduced process.  
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(2) The establishment of model can analyze the metal flow law off-line of multi-stand tension-reduced 
process, and achieve the distribution of tube shape and transverse wall thickness during the different 
technique system. The typical product analysis shows that, the stand pass design from the third to the 
seventh was the main reasons for the bore-hexagon shape formation of product. Therefore, the finite 
element analysis model established was guiding significance for forecasting polygon defects and 
formulating reasonable process. 
 
Fig.5 Distribution of value-added transverse wall thickness for each stand 
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